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Abstract
Contrary to the claim in a series of recent papers, we show that it cannot.
A source of the error in those papers is misinterpretation of coordinate time as
a physical time.
In a recent series of papers [1, 2, 3] the authors argued that gravitational potential of
the Earth has influence on the effective anomalous magnetic moment g− 2 of muons.
Visser objected [4] that it cannot be right because the dependence on the potential
would contradict the equivalence principle of general relativity. We agree with Visser
and identify an exact place of error in the analysis presented in [1, 2, 3].
In [1], the authors consider a charged particle in magnetic field B moving in the
horizontal plane. They find that such a motion is described by the equation
dβ
dt
≃ (1+3ǫ2φ)
e
m
β×B, (1)
where β=v/c, v = dx/dt is the 3-velocity, ǫ = 1/c, and φ=−GM/r is the gravita-
tional potential. Using this equation, they argue that the potential φ has a physical
influence on the effective g − 2. In their argument, they seem to tacitly assume that
time t in (1) is the physical time. However, it is merely a coordinate time, and not a
physical time. When the equations are rewritten in terms of physical time and space
coordinates, the dependence on φ disappears.
The essential reason why the dependence on φ disappears in physical coordinates
can be understood in a simple way as follows. Let us write the metric tensor around
Earth in the usual spherical coordinates as
ds2 = f(r)dt2 − f−1(r)dr2 − r2dΩ2, (2)
1
where
f(r) = 1− 2GM/r = 1 + 2φ(r) (3)
and we take units c = 1. For horizontal motion we have dr = 0, so the metric above
can be replaced by the effective metric
ds2 = f(r)dt2 − r2dΩ2, (4)
where r is treated as a constant. Introducing a new coordinate t′ defined by
t′ =
√
f(r)t, (5)
the metric above can be written as
ds2 = dt′2 − r2dΩ2. (6)
Clearly, t′ is the physical time measured by a clock at the fixed radius r, while t is
merely a coordinate time. This means that (6) is the effective metric expressed in
the physical coordinates, which does not depend on φ(r). In essence, this is why the
horizontal motion, when expressed in terms of physical time and space coordinates,
cannot depend on the potential φ(r).
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